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measure of the air gap between the reference flat surface and 
the surface of the wafer being measured. The background 
screen is angled so that the fringe pattern, which is localized 
at the air gap can be viewed at an angle to a normal to the 
wafer. The background screen has trapezoidal markings that, 
when viewed at the angle required to see the fringes, appear 
as a grid. This allows counting of the number of fringes 
visible within a fixed distance to characterize the surface 
flatness. 

20 Claims, 6 Drawing Sheets 
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1. 

INTERFEROMETERS FOR THE 
MEASUREMENT OF LARGE DIAMETER 

THIN WAFERS 

FIELD OF THE INVENTION 

The present invention relates to interferometers for mea 
Suring large thin wafers and particularly to interferometers 
for measuring the flatness or parallelism of large thin trans 
parent wafers held vertically. 

BACKGROUND OF THE INVENTION 

Large diameter (up to 300 mm), thin (0.5 mm and less) 
transparent wafers are becoming increasingly important in 
modem semiconductor and biomedical device processing 
and manufacture. Moreover, these large, thin, transparent 
wafers require Surfaces that are flat to similar tolerances as 
those found in polished silicon wafers traditionally used in 
semiconductor processing and manufacture, i.e., the wafer 
surface must be flat to better than a tenth of the wavelength 
of visible light. Such surface flatness is traditionally char 
acterized as flat to w/10, where the wavelength w is approxi 
mately 0.5 Lum. This degree of surface flatness may be 
measured using an interferometer. This is a well known type 
of instrument in which a surface is compared with a refer 
ence surface by observing the patterns of interference 
fringes when the Surfaces are brought in close proximity, 
either virtually or in reality, under appropriate illumination. 
These fringes are formed as wave fronts of light reflected 
from each surface constructively and destructively interfere 
with each other, enabling measurements of differences in 
separation of a fraction a wavelength. 

FIG. 1 shows a traditional industrial interferometer 10, 
referred to as a Newton Interferometer, that is widely used 
to interferometrically test large optical components such as 
telescope mirrors. The operation of a Newton Interferometer 
is described in detail, for instance, on pages 1-18 of "Optical 
Shop Testing, second edition, edited by Daniel Malacara 
and published in 1992 by John Wiley & Sons, Inc. of 
Hoboken, N.J., the contents of which are hereby incorpo 
rated by reference. 
A Newton Interferometer uses an essentially monochro 

matic light source 12, Such as a low-pressure sodium vapor 
lamp emitting yellow light at 589 mm. This is passed through 
a diffuser 14 and a beam-splitter 18 to illuminate the optical 
surface to be tested 22 that is in close proximity to a 
reference flat 20. Because sodium has a coherence length on 
the order of millimeters, an observer 24 looking at the 
surface to be tested 22 via its reflection of the semi-reflecting 
surface 18 will see a series of light and dark fringes. These 
fringes are interference fringes. A light fringe is caused by 
constructive interference in which the optical path difference 
between a ray reflected from the surface to be tested 22 and 
a ray reflected from the reference surface 20 is an integer 
number of the wavelength of the illuminating light. A dark 
fringe is caused by destructive interference in which the path 
difference is a half a wavelength of the illuminating light, or 
an integer multiple thereof. It can be shown that the location 
of a light fringe at a first point and an adjacent dark fringe 
at a second point indicates a difference in separation between 
the reference surface 20 and the surface being tested 22 of 
W/4, or 147.5 nm at the two points. 
The problem of using a Newton Interferometer for testing 

large thin wafers is that Such wafers deform under gravity 
when oriented horizontally. In order to test a 300 mm wafer, 
a reference flat of larger diameter having a surface flatness 
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2 
of W/20 would be required. The problem, however, is that if 
a 0.5 mm thick wafer that has a curved surface is placed on 
top of such a reference flat, it would simply bend and 
conform to the surface. So all large thin wafers tested in a 
Newton Interferometer would have distortions due to gravity 
and may even appear to have flat Surfaces, even though they 
may have local curvatures and other deformities. 

While many other interferometers are known, none is well 
Suited to the task of easily and cheaply measuring the 
flatness of a large diameter (up to 300 mm), thin (0.5 mm 
and less) transparent wafer to the accuracies required. 

For instance, U.S. Pat. No. 6,744,522 describes an inter 
ferometer for measuring the thickness profile of thin trans 
parent substrates. This patent describes a method in which a 
selected location on the object is chosen, and an interference 
pattern is obtained at a first wave-length. This pattern is used 
to obtain a first estimate of optical thickness. The procedure 
is repeated at the same location using a second wavelength 
to obtain a second estimate of the optical thickness. A third 
estimate of the optical thickness is then calculated by 
combining the first and second estimates. This process 
allows the various errors inherent in the measurements, 
including the effects of multiple reflections from both sur 
faces of the sample, to be reduced. The process is lengthy 
and complicated, and this patent serves to emphasize the 
problem of making thickness profile measurements on thin 
transparent samples. 

U.S. Pat. No. 5,694,217 describes an interferometer used 
for testing optical Surfaces and the stress and strain within a 
thin specimen. It is an example of the application of polar 
ized waves using W/4 plates. The use of polarized light for 
the measurement and the need to extract the results from 
experimental data make this approach too complicated for 
high-volume measurements of large components. 

U.S. Pat. No. 5,054,925 describes a method for aligning 
an interferometer. 

U.S. Pat. No. 6,972,850 describes an apparatus and 
method for measuring the shape of the optical Surface using 
interferometer. Both the light reflected by the reference 
surface and the light reflected by the surface to be measured 
are made to interfere. This method is intended for curved 
Surface measurements, and the procedure is complicated. 

U.S. Pat. No. 6.381,015 describes an inspection apparatus 
directed to biomedical analysis. The apparatus includes an 
optical interferometer, a phase modulator and a photo detec 
tor. The spectrum of the electrical signal contains informa 
tion about an illuminated sample. This equipment is expen 
S1V. 

U.S. Pat. No. 5,986,759 describes an optical interferom 
eter with two optical outputs that produces two linearly 
independent signals, allowing high quality measurements to 
be made. This equipment is, however, expensive and com 
plex to operate. 
The review of patents demonstrates that it is desirable to 

provide an interferometer system that is capable of measur 
ing precisely and efficiently the flatness of thin, transparent 
wafers with large diameters and the profile of wafer surfaces 
to satisfy modern industrial needs. 

SUMMARY OF THE INVENTION 

Briefly described, the invention provides an interferom 
eter for measuring the flatness and thickness of large, thin 
transparent wafers. 

In a preferred embodiment of the interferometer, essen 
tially monochromatic light emitted from a source Such as, 
but not limited to, a low pressure Sodium vapor lamp, is 
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diffusely reflected off a background screen toward a thin 
transparent wafer. The wafer is held vertically, i.e. a normal 
to the wafer surface is horizontal, so that its surface is not 
distorted by gravitational forces. A reference flat surface is 
positioned sufficiently close to the surface of the wafer being 
measured that an interference fringe pattern is formed. The 
interference pattern can be seen both in transmission and in 
reflection. In transmission, the interference pattern is the 
result of interference between two beams of light, one beam 
having been transmitted directly and the other having been 
reflected of the reference flat surface and then off the surface 
being measured. In reflection, the interference pattern is the 
result of interference between one beam reflected off the 
surface to be measured and one beam reflected off the 
reference flat surface. Such interference patterns are a mea 
sure of the thickness of the air gap between the reference flat 
surface and the surface of the wafer being measured. Their 
formation requires that the light forming the fringes is 
monochromatic and has a coherence length of about twice 
the thickness of the air gap. As the reference Surface is 
polished be flat to W/20, any variations in the air gap are 
effectively measurements of the undulations in the surface of 
the wafer. The background screen is angled so that the fringe 
pattern, which is localized at the air gap can be viewed at an 
angle to the normal to the wafer. The background screen has 
trapezoidal markings on it that, when viewed at the angle 
required to see the fringes, appear as a grid. This allows 
counting of the number of fringes visible within a fixed 
distance that is a well-known way to characterize surface 
flatness. 

In addition to viewing the fringe pattern formed by the air 
gap between wafer surface being measured and the reference 
flat Surface, a second interference fringe pattern, located at 
infinity can be observed. This second interference pattern is 
formed by reflections off the two surfaces of the wafer. It can 
be observed if the wafer thickness is of the order of a quarter 
of the coherence length of the light source. This second 
fringe pattern is ideally a set of concentric circular fringes 
and represents a measure of how parallel the two wafer 
Surfaces are. 

These and other features of the invention will be more 
fully understood by references to the following drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side elevation view of a prior art, 
Newton Interferometer. 

FIG. 2 is a schematic, cross-sectional, side elevation view 
of one embodiment of the interferometer of this invention 
showing it used to measure the flatness of a thin transparent 
wafer. 

FIG. 3 is a schematic plan view of one embodiment of the 
interferometer of this invention showing it used to measure 
the flatness of a thin transparent wafer. 

FIG. 4 is an interference fringe pattern viewed against a 
measurement grid in one embodiment of the interferometer 
of this invention being used to measure the flatness of a thin 
transparent wafer. 

FIG. 5 is a perspective view of a ring holder illustrating 
a first step in loading a large, thin transparent wafer onto a 
ring holder for testing. 

FIG. 6 is a perspective view of the ring holder illustrating 
the large, thin transparent wafer loaded onto a ring holder for 
testing. 

FIG. 7 shows another view of a large, thin transparent 
wafer loaded onto a ring holder for testing. 
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4 
FIG. 8 is a schematic, cross-sectional side elevation view 

of one embodiment of the interferometer of this invention 
showing it used to measure the how parallel the two Surfaces 
of a thin transparent wafer are. 

FIG. 9 is a more detailed side elevation view showing 
how an interference fringe pattern is formed in one embodi 
ment of the interferometer of this invention. 

DETAILED DESCRIPTION 

The present invention applies to the measurement of the 
Surfaces of large, thin, transparent wafers, particularly the 
Surface flatness and parallelism of Such wafers. 
By positioning the thin wafer vertically, i.e., so that a 

normal to the surface being tested is horizontal, the wafer 
can assume in its true shape and be tested, undistorted by 
gravity. 
A preferred embodiment of the invention will now be 

described in detail by reference to the accompanying draw 
ings in which, as far as possible, like elements are designated 
by like numbers. 

FIG. 2 is a schematic side elevation view of one embodi 
ment of the interferometer of this invention showing it being 
used to measure the flatness of a thin transparent wafer. The 
interferometer 10 includes a light source 12, a light diffuser 
14, a diffusely reflecting background screen 28, a wafer 
holder cassette 31, a ring holder 64, a reference optic 36 
having a reference flat surface 38, a reference optic holder 
33, a coarse positioning module 37 and a fine positioning 
module 35. 
The large, thin transparent wafer 30 is attached to the ring 

holder 64 which is held in the wafer holder 31 by three 
micrometer screws 62. In this way, the large, thin transparent 
wafer 30 is held vertically, i.e. so that a normal 34 to the 
wafer surface 32 being tested is horizontal. This arrange 
ment has the advantage that the large, thin transparent wafer 
30 is not distorted by gravitational forces and the wafer 
Surface 32 can be accurately measured for Surface flatness. 
To measure the surface flatness, a reference flat surface 38 

of the reference optic 36 is brought into close proximity with 
the wafer surface 32 being tested. This motion may be 
accomplished by means of the coarse positioning module 37 
and the fine positioning module 35. Both of these modules 
provide horizontal, lateral and vertical adjustment of the 
position of the reference optic 36 by means of, for instance, 
precision screw mechanisms. The reference flat surface 38 
may be held in the reference optic holder 33 by a set of three 
micrometer screws 62. This allows the orientation of the 
reference flat surface 38 to be adjusted precisely. When the 
reference flat surface 38 is sufficiently close and parallel to 
the wafer surface 32 being tested, a set of interference 
fringes is formed that are localized at the wafer surface 32 
being tested. These fringes are the result of light that is 
diffusely reflected from the diffusely reflecting background 
screen 28 and can be seen off axis at an off-axis viewing 
position 25. Details of how these fringes are formed are 
discussed below by reference to FIG. 5. An important aspect 
of these fringes is that they represent a measurement of the 
distance between the wafer surface 32 being tested and the 
reference flat surface 38. As the reference flat surface 38 is 
flat to W20, any variation in the distance between the wafer 
surface 32 being tested and the reference flat surface 38 can 
be attributed to variation in the surface flatness of the wafer 
surface 32 being tested. 

In order for the interference fringes to be formed, the 
coherence length of the light source 12 must be about four 
times the distance between the wafer surface 32 being tested 
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and the reference flat surface 38. For practical testing, 
monochromatic light sources such as, but not limited to, a 
low pressure Sodium lamp may be used. Such a source emits 
monochromatic light at 589.3 nm and has a coherence length 
that is on the order of millimeters. Other suitable mono 
chromatic lights include a low-pressure mercury lamp's 
546.1 nm emission, provided that other wavelengths are 
filtered out by a green filter, or a low-pressure helium 
discharge lamps 587.6 nm emission, suitably filtered by a 
yellow filter. 

The parabolic reflector 26 and the light diffuser 14 may be 
used provide uniform illumination over a large area so that 
the fringes are clearly visible. In one embodiment of the 
invention the cross-section of the light beam is about 400 
cm (about 0.43 sq ft) and has a highly uniform intensity 
distribution. 

FIG. 3 is a schematic plan view of one embodiment of the 
interferometer of this invention showing it used to measure 
the flatness of a thin transparent wafer. The light source 12 
emits monochromatic light that is collimated by the para 
bolic reflector 26 onto the light diffuser 14. This provides a 
large area of uniform, diffuse, monochromatic light. The 
light diffuser 14 is typically made of matte glass and serves 
to further improve uniformity of intensity and distribution of 
the output beam by diffusive dispersion. 
Some of this light is diffusely reflected off the diffusely 

reflecting background screen 28 toward the large, thin 
transparent wafer 30 that is aligned to be parallel with the 
reference optic 36. Interference fringes are formed localized 
at the wafer surface 32 being tested. These fringes may be 
seen at the off-axis viewing position 25, and they represent 
the distance between the wafer surface 32 being tested and 
the reference flat surface 38 of the reference optic 36. 

The diffusely reflecting background screen 28 has a 
trapezoidal marking 40 on its surface. When viewed from 
the off-axis viewing position 25, the trapezoidal marking 40 
appears as a rectilinear grid. 

FIG. 4 shows an interference fringe pattern viewed 
against a measurement grid in one embodiment of the 
interferometer of this invention being used to measure the 
flatness of a thin transparent wafer. The interference fringe 
pattern 42 consists of light fringes 46 and dark fringes 44. As 
detailed below, appearance of a light fringe 46 at a first point 
and an adjacent dark fringe 44 at a second point represents 
a difference in the distance between the wafer surface 32 
being tested and the reference flat surface 38 at the two 
points of W/4, i.e., about 122.5 nm. The trapezoidal markings 
40 on the diffusely reflecting background screen 28 appear 
as a rectilinear measurement grid when seen from the 
off-axis viewing position 25. This allows the variation in 
surface flatness of the wafer surface 32 being tested to be 
readily observed as a number of fringes per unit distance, 
typically fringes per inch, which is a traditional way of 
specifying, characterizing and reporting Surface flatness in 
the optical industry. 

Interference fringe patterns 42 (also known as interfero 
grams) are well known and have been extensively analyzed 
and tabulated in, for example, on pages 1-18 of “Optical 
Shop Testing, second edition, edited by Daniel Malacara 
and published in 1992 by John Willey & Sons Inc. of 
Hoboken, N.J., and in “Precision Optical Engineering, 
Appendix A, pp. a-g published in 1996 by Matra Bae 
Dynamics (UK) Limited in London, UK, the contents of 
both of which are hereby incorporated by reference. Com 
puter programs have also been developed for the refinement 
and interpretation of fringes as described in the article by J. 
E. Nestell et al. entitled “Derivation of Optical Constants of 
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6 
Metal from Thin-film Measurements at Oblique Incidence' 
in Applied Optics, Volume 11(3), pp. 643-651, published by 
the Optical Society of America, in Washington, D.C. in 
March 1972, the contents of which are hereby incorporated 
by reference. 

In a preferred embodiment of the invention large, thin 
transparent wafer 30 may be tested in the following way. 
The light source 12 should be turned on and warmed up 

for about 15 minutes prior to the measurement in order for 
the vapor pressure of sodium in the tube to stabilize and so 
minimize the intensity fluctuations of the emitted light. 
The large, thin transparent wafer 30 sample to be tested 

may be installed onto a ring holder 64 of corresponding 
diameter, as shown in FIG. 5. Insulating paper tape 60 is first 
attached to the front surface of the ring holder 64 at three 
points. Adhesive paper tape 60 pieces are then attached to 
the large, thin transparent wafer 30, spaced at corresponding 
locations. The large, thin transparent wafer 30 sample is then 
connected to the ring holder 64 by the adhesive paper tape 
60 pieces at the points where the insulating paper tape 68 
pieces were previously placed. In this way, the large, thin 
transparent wafer 30 is attached at three points of contact 
which is well known to be the optimal number of contact 
points for holding a planar Surface without introducing 
stresses. Visual confirmation may then made that the large, 
thin transparent wafer 30 does not have direct contact with 
the ring holder 64, but it is hanging by the adhesive paper 
tape 60 in the vertical position. In an alternative embodi 
ment, the large, thin transparent wafer 30 may be held in 
place by vacuum, preferably against only three points of 
COntact. 

The ring holder 64 and the attached large, thin transparent 
wafer 30 may then be carefully installed into the wafer 
holder cassette 31, as shown in FIG. 6. This may be done 
carefully and accurately, with the large, thin transparent 
wafer 30 maintained in the vertical direction, so that the 
large, thin transparent wafer 30 does not touch the metallic 
parts. The large, thin transparent wafer 30 may be turned to 
face the reference flat surface 38 of the reference optic 36. 
The reference optic 36 may also be mounted on its holder 
that also has micrometric screws 62 for adjustment. 
As shown in FIG. 7, the ring holder 64 may be fixed in the 

cassette 31 by three micrometer screws 62 so that the sample 
may be positioned in front of the reference flat surface 38 of 
the reference optic 36, and the ring holder 64 does not move 
laterally or vibrate. 
The holder with the reference optic 36 glass flat may then 

be moved carefully forward toward the large, thin transpar 
ent wafer 30 sample, preferably without touching the sam 
ple's surface, to determine whether the surfaces are parallel. 
If they are not parallel and some inclination can be seen, the 
reference optic 36 glass flat is moved back from the large, 
thin transparent wafer 30 sample, and the micrometer screws 
are adjusted to correct the orientation of the flat respectively 
to the surface of the wafer. When the wafer surface 32 being 
tested and reference flat surface 38 appear to be parallel on 
visual inspection, the reference optic 36 is moved toward the 
large, thin transparent wafer 30 sample until it is close 
enough to locate the interference pattern. Location of the 
interference fringe pattern 42 may be facilitated by a slight 
back and forth motion using the fine positioning module 35 
as well as any necessary adjustments of the micrometric 
screws holding the reference optic 36. As a rule, the pattern 
appears almost immediately. If the pattern is not, however, 
seen, the adjustment procedure should be repeated, i.e., the 
reference optic 36 moved back, and adjusted to appear 
parallel to the wafer surface 32 being tested. Usually a clear 
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interference fringe pattern 42 is seen, located on the wafer 
surface 32 being tested, within two or three iterations of this 
test set up procedure. 

Precision adjustments should be used when observing the 
interference fringe pattern 42. Using the micrometric screws 
in turn and in very tiny steps, it is possible to watch the 
evolution of the interference fringe pattern 42. Each step of 
the adjustment should be aimed to enlarge the width of the 
fringes. At the center of the system they should be as large 
as possible. During this procedure, a very slight motion of 
the reference optic 36 back and forth with respect to the 
large, thin transparent wafer 30 and repetition of the preci 
sion adjustment step are particularly helpful. 
The larger the spacing between the fringes of the pattern, 

the more parallel the wafer surface 32 being tested and the 
reference flat surface 38, and the more precise the measure 
ment of the surface flatness. The measurement results are 
highly repeatable and allow for a precise estimation of 
Surface quality. Repeating the measurement procedure may 
also increases the precision. 
An indication that the optimum position for measurement 

has been reached is that the large, thin transparent wafer 30 
starts to move together with the reference optic 36 glass flat 
as if the are adhered together. This is a consequence of the 
gap between the wafer surface 32 being tested and the 
reference flat surface 38 becoming less than the mean free 
path of molecules in air, i.e. a separation on the order of one 
um. The result is that motion of the reference optic 36 is 
translated directly via the air molecules to the large, thin 
transparent wafer 30. The effect can be seen by observing the 
upper paper strap retaining the sample, and seeing the 
tension in it when moving the reference optic 36 slightly 
back and forth. The reference flat surface 38 and the wafer 
surface 32 being tested move essentially in concert but are 
separated by a finite gap. This is the optimum location for 
observing the interference fringes. 
When the adjustment has been made and the optimal 

position located, an estimate of the Surface flatness of the 
wafer surface 32 being tested may be calculated by simply 
counting the number of whole fringes per inch along the 
radius of the wafer. The result of this visual observation may 
then be multiplied by Wo/4 to obtain actual separation in nm, 
as detailed in equation (6) below. Alternatively, the deviation 
of the wafer surface 32 from perfect flatness one may be 
expressed in terms of wavelengths per inch. An optical 
specification of allowed deviation from a perfectly flat 
surface is usually expressed as a number of Wo/in. 
The interferometer has been designed both for laboratory 

measurements and for industrial applications. The industrial 
applications typically involve routine measurements of a 
series of samples. This type of operation may be facilitated 
by having wafer holder cassette 31 that can be changed 
easily and quickly. To accomplish this, a series of ring 
holders 64 of precise dimensions may be provided, so that 
they can be fixed in the cassette at the same position 
respectively to the reference flat surface 38 of the reference 
optic 36. Having precision, interchangeable ring holders 64 
simplifies the adjustment when changing them in the wafer 
holder cassette 31. 

Changing the large, thin transparent wafer 30 may then be 
accomplished as follows. 

First, move the holder of the reference optic 36 to prevent 
touching or scraping the large, thin transparent wafer 30 
against the reference flat surface 38. This slight movement 
should be made exactly along the optical axis of the set up 
without touching any of the micrometric screws of the 
holder of the reference optic 36. 
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8 
Second, the measured sample, i.e. the large, thin trans 

parent wafer 30 attached to the ring holder 64 may be 
released from the wafer holder cassette 31 by loosening the 
retaining screws 62 located on the far side of the wafer 
holder cassette 31, as shown in FIG. 7. The measured sample 
may then be carefully lifted off the wafer holder cassette 31 
and replaced by the next sample, i.e. the next large, thin 
transparent wafer 30 attached to another ring holder 64 and 
the retaining screws 62 tightened. 
The reference optic 36 may then be moved toward the 

wafer surface 32 being tested to try to locate the fringes as 
the parallelism of the Surfaces is guaranteed by the precision, 
interchangeable ring holder 64. Only minor manipulation of 
the reference optic 36 should then be required to find the 
clear interference pattern and carry out the measurement. 
The same process can be repeated for a whole series of 
samples. 

Having the large, thin transparent wafer 30 held vertically 
also allows the measurement of how parallel the wafer 
Surfaces are too each other, as long as the wafer thickness is 
less than the coherence length of the light being used. 

FIG. 8 shows a schematic side elevation view of one 

embodiment of the interferometer of this invention showing 
it used to measure the how parallel the two surfaces of a thin 
transparent wafer are to each other. The reference optic is not 
required in this embodiment. As detailed below, the coher 
ence length of a low-pressure Sodium lamp is sufficiently 
long and the thickness of the wafers sufficiently small, that 
a second interference fringe pattern 42 can be observed at 
on-axis viewing position 24. These fringes of equal incli 
nation 70 are located at infinity. The fringes of equal 
inclination 70 are formed by interference between light 
reflected from wafer surface 32 and the wafer surface 29. 
The fringes of equal inclination 70 are, therefore, a measure 
of how parallel the wafer surface 29 and the wafer surface 
32 are to each other. If these two surfaces are parallel the 
fringes of equal inclination 70 appear as a series of concen 
tric rings centered on the optical axis at infinity. Deviations 
from this pattern are indications of deviations from parallel 
of the two surfaces, as is well known in the art and is 
described in more detail below. 

FIG. 9 shows in more detail how an interference fringe 
pattern 42 is formed in one embodiment of the interferom 
eter of this invention. The interference of two coherent 
beams takes place at point A of the Surface of the sample, 
and fringes can be observed both in transmitted and in 
reflected light. 

It can be shown that the difference of the optical path of 
beams 48 and 50, shown in FIG. 9, prior to where they 
interfere at point A is equal to: 

A-s-s-2t V1-sin'io (1) 

where n is the index of refraction of the wafer material, 
t—is the thickness of air film between the sample and glass 
flat, having an index of refraction n, io is the angle of 
incidence of light onto the sample. In order to take into 
account the phase shift at the boundary air glass flat, 
shown as point B in FIG. 5, the term wo/2 should be added 
to or subtracted from the difference of the optical path. 
The maximum intensity of light will be observed at point 

A when the difference of the optical path is equal to: 
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0 lo lo (2) 
Amax = 2m 2 -- - (2m+1)- 

and the minimum of intensity will exist when 

0 0 lo (3) 
Amin = (2m – 1) + 2m 

where m is the integer. 
The width of the fringe corresponds to the distance 

between neighboring points in the interference pattern with 
a maximum and minimum of intensity, and the increment in 
A between them is equal to difference between expressions 
(2) and (3) 

o (4) 
oA = Amax - Amin = 

The value of the increment corresponds to the difference 
in thicknesses of the air film Öt along the width of the fringe, 
as it can be seen from expression (1): 

dA = (5) l , = 2 1 - sinio (imax - min) 

At the normal incidence (iO) the equation (5) gives the 
result, which can be found in the description of Newton 
fringes 1: 

lo imax imin 4. 
(6) 

Straight line fringes indicate that the surfaces are flat but 
inclined to each other at a slight angle. The deviation from 
the flatness between two points on the surface of the wafer 
can, however, be measured by the number of curved fringes 
that are located on the interference pattern between these 
points of interest. Using equation (6) this deviation from 
flatness can be expressed in the number of wavelengths wo 
per unit of distance along the Surface of the wafer. 
The formation of the interference pattern demands coher 

ence of waves in beams 48 and 50, so the fluctuation in 
phases of two waves correlates to the time and distance 
between them. To obtain the interference pattern by dividing 
the natural wave into two parts (or beams), it is mandatory 
that the difference in optical paths A would be less than the 
length of coherence 1 of the wave: A<l. 
By the determination, the coherence time t is the time 

interval during which the random change of the wave phase 
becomes equal to the value of the order of tradian. This 
determination allows for the estimation of the length of 
coherence since 1 ct, where c is velocity of light. The 
time of coherence has the order of magnitude, which can be 
estimated using the frequency interval Act) or the line width 
of the source of light: 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 

(7) at -- A 

The expression (7) shows that larger Act) corresponds to a 
shorter time of coherence and length of coherence. In terms 
of wavelength, the time of coherence has the form: 

(8) 

The low pressure sodium tube, which has been used in the 
interferometer set-up, possesses the following parameters: 
W589.6 nm, Av=0.6 mm. Substitution of these numbers 
into expression (8) gives the value of the time of coherence 
of the order of magnitude: t-10' sec, and corresponding 
length of coherence of the order of 0.3 mm. 

Thus, for the case of application of the low pressure 
Sodium vapor tube, the difference of the optical path A 
should be less than 0.3 mm, and the thickness of the air film 
between the wafer and optical glass flat must be at least two 
times less than 

A: tis0.15 mm (9) 

Since expressions (9), (8), and (7) give only the order of 
magnitude, it is reasonable to assume the length of coher 
ence of the order of 0.1 mm, and the limiting thickness of air 
film of the order of 50 um. This value of limiting thickness 
is large enough to provide ease of adjustment to the inter 
ferometer when one measures the flatness of the wafer, and 
after changing the sample under test. 
As detailed above, the coherence length of the sodium 

light source is long enough to observe fringes of equal 
inclination in transmitted and in reflected light as detailed, 
for instance, on page 281 of the book by M. Born and E. 
Wolf entitled “Principles of Optics' published by Pergamon 
Press in 1965, now part of the Reed Elsevier group based in 
Amsterdam. This kind of non-localized interference pattern 
can be observed if the telescope objective of the camera is 
focused on infinity. By analyzing the symmetry of the 
pattern in the plane, which is parallel to the surface of a thin 
transparent wafer, one can conclude that the fringes are 
concentric circles around the normal wafer axis. The circular 
symmetry takes place if both surfaces of the wafer are plane 
and parallel to each other. Thus the perfection of the circles 
and their relative position can be used for evaluation of the 
parallelism of wafer surfaces. Features of this type of 
interference pattern will be analyzed here from the point of 
practical necessity. 

If an interference pattern of fringes is observed in trans 
mitted light, then the intensity varies according to the 
variation in optical paths. There are bright fringes when the 
following equation is satisfied: 

A-2-t, -yn-sine, mio (10) 

where 0 is the angle of inclination of the light beam, 
corresponding to i-th circle when it is counted from the 
center of pattern. At the center 0-0, and the difference of 
optical paths is equal to: 

A-2'in-novo (11) 

where mo is the number of wavelength Wo on the doubled 
optical thickness of the wafer. 
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When mo is the integer, then the central part of the pattern 
is bright, and the i-th bright circle corresponds to: 

(12) 

This is what is required to calculate the angle of inclina 
tion for any bright circle. 

For the very first circle the equation (10) can be trans 
formed to: 

(mo - 1)A (13) 
4. t. ni - sin°6 = 

Equation (11) shows that the index of refraction of the 
wafer material can be expressed through wavelength o and 
thickness t. So its square is: 

(14) 

Using equations (14) and (13) after Some transformations 
one can write: 

(2mo - 1)A. (15) 3.2 sin 6 = 4. ti 

Thus the angle of inclination, corresponding to the first 
bright circle of the pattern, is determined by the thickness of 
the wafer, wavelength of light, and the number mo, and with 
a high accuracy can be written in the form: 

8 = (2no)2 - 0 (16) 
= arcsin 

An analogous procedure can be carried out for angles of 
second, third, fourth and so on including i-th circle. Results 
collect in series: 

V1(2mo); Ao (17) 
sin61 = - Y-Y., 2. it 

v2 (2mo)2. Ao 
sin62 = - , 2. it 

V3 (2mo); Ao 
sin83 = - - Y, 2. it 

Vi (2mo); Ao 
siné; E – 2. it 

where i is the number of i-th bright circle. When angles of 
inclination are very Small, as in the case of fringes localized 
at infinity (seen far from the wafer), then sin 0-0, and series 
(17) gives angles of inclination with very high accuracy. 
This series shows that angles of inclination increase in 
transition from circle to circle as the square root of its 
number, and they are expressed in radians. 
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When the pattern of fringes is observed by telescope 

objective, then measurable radius of i-th circle can be 
expressed by focus length F and angle 0,. 

R=F0. (18) 

Equation (18) allows writing the series analogous to (17) 
one for radii of circles. So the ratio of i-th radius to the radius 
of antecedent circle (i.e. (i-1)-th circle) is equal to: 

i 

V 1 

For example, it shows 

R; (19) 

R. 

R20 20 
= = 1.026, 

R19 19 

This is the law of increasing the radius of circles in a 
series that form the pattern of fringes of equal inclination. It 
can be seen that the bigger the number of the circle, the 
closer it is placed to the previous circle. So the ratio (19) 
seeks to 1 when number i is very high. The equation (16) 
also shows that the decrease of thickness t of the wafer 
leads to increase of angles of inclination, and so to the 
increase of radii of circles. 

Equation (19) is satisfied if the observation is carried out 
along the normal to the Surface of the wafer (i.e. along the 
axis of the circular pattern) and the thickness of the wafer is 
constant, so that wafer is a plane parallel plate. This feature 
allows the estimate of the wafer parallelism. 

If a pattern consists of concentric circles which obey the 
law (19), it means that deviation from ideal parallelism, or 
the relative deviation of the thickness ot/t, is a very small 
value. This is much less than the ratio of the wavelength to 
the doubled optical thickness of the wafer: 

ot lo 
- 3 

i 2 ti ni 
(20) 

Numerical evaluation of the parallelism of wafer surfaces 
for the case of a fused silica UV grade wafer, having a 
typical thickness of 0.5 mm is as follows: 

Ao = 589.6 mm 

t1 = 0.5 mm. 
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-continued 
n = 1.458 

< 4 x 10' or of s 0.2 p.m. 

The value of thickness deviation should be much less than 
0.2 Lum at the distance between two neighboring circles of 
the interference pattern, when the law (19) is satisfied. 

Although the invention has been described in language 
specific to structural features and/or methodological acts, it 
is to be understood that the invention defined in the 
appended claims is not necessarily limited to the specific 
features or acts described. Rather, the specific features and 
acts are disclosed as exemplary forms of implementing the 
claimed invention. Modifications may readily be devised by 
those ordinarily skilled in the art without departing from the 
spirit or scope of the present invention. 
What is claimed is: 
1. An interferometer for measuring Surfaces of large thin, 

transparent wafers, comprising: 
a light Source emitting light having a coherence length; 
a holding mechanism for holding a transparent wafer 

having a first Surface located Such that a normal to said 
first surface of said wafer is substantially horizontal; 

a diffusely reflecting background screen located inclined 
at an angle to said normal Such that said emitted light 
is diffusely reflected towards said transparent wafer 
when positioned in said holding mechanism; and 

a reference flat surface located essentially parallel to said 
first surface of said transparent wafer when positioned 
in said holding mechanism and capable of being sepa 
rated from a first surface of said transparent wafer when 
positioned in said holder by a distance less than or 
comparable to one quarter of said coherence length of 
said light source such that a first pattern of interference 
fringes representing a difference in flatness between 
said first Surface and said reference Surface is localized 
in a vicinity of said reference Surface. 

2. The interferometer of claim 1 wherein said diffusely 
reflecting background screen further comprises one or more 
trapezoid markings positioned to appear as a uniform grid 
when said first pattern of interference fringes is viewed. 

3. The interferometer of claim 2 wherein said angle to said 
normal is approximately 30 degrees. 

4. The interferometer of claim 3 wherein said light source 
comprises a sodium vapor lamp emitting Substantially 
monochromatic light. 

5. The interferometer of claim 4 wherein said monochro 
matic light has a wavelength of approximately 589.6 mm and 
a coherence length of the order of a mm or less. 

6. The interferometer of claim 5 wherein said light source 
further comprises a parabolic reflecting Surface and a Sub 
stantially transparent diffusing Surface located Such that a 
second pattern of interference fringes representing a differ 
ence in how parallel said first surface of said wafer is to a 
second Surface of said wafer, said second pattern of inter 
ference fringes being located Substantially at infinity. 

7. The interferometer of claim 5 wherein said holding 
mechanism comprises a wafer holder cassette and a ring 
holder for locating said transparent wafer. 

8. An interferometric method for measuring surfaces of 
large thin, transparent wafers, said method comprising the 
steps of 

providing a light source emitting light having a coherence 
length; 
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14 
locating a transparent wafer having a first Surface Such 

that a normal to said first Surface of said transparent 
wafer is substantially horizontal; 

locating a diffusely reflecting background screen inclined 
at an angle to said normal Such that said emitted light 
is diffusely reflected towards said transparent wafer; 
and 

locating a reference flat surface essentially parallel to said 
first Surface of said transparent wafer and separated 
from said first surface by a distance less than or 
comparable to one quarter of said coherence length of 
said light source such that a first pattern of interference 
fringes representing a difference in flatness between 
said first Surface and said reference Surface is localized 
in a vicinity of said first surface. 

9. The method of claim 8 wherein said locating step 
comprises locating a separation at which said reference flat 
Surface said first Surface of said transparent wafer move 
essentially in concert but are separated by a finite gap. 

10. The method of claim 9 further comprising observing 
said first pattern of fringes from an angle Such that one or 
more trapezoid markings on said diffusely reflecting back 
ground screen appear as a uniform grid background to said 
first pattern of interference fringes. 

11. The method of claim 10 wherein said angle of said 
diffusely reflecting background screen is approximately 30 
degrees. 

12. The method of claim 11 wherein said light source 
comprises a monochromatic light Source. 

13. The method of claim 11 wherein said light source 
comprises a sodium vapor lamp emitting Substantially 
monochromatic light having a wavelength of approximately 
589.6 nm and a coherence length of the order of a mm or 
less. 

14. The method of claim 13 wherein said light source 
further comprises a parabolic reflecting Surface and a Sub 
stantially transparent diffusing Surface, and further compris 
ing the step of observing a second pattern of interference 
fringes representing a difference in how parallel said first 
Surface of said wafer is to a second Surface of said wafer, 
said second pattern of interference fringes being located 
substantially at infinity. 

15. The method of claim 13 further comprising providing 
a wafer holder cassette and a ring holder for locating said 
transparent wafer. 

16. An interferometric apparatus for measuring Surfaces 
of large thin, transparent wafers, comprising: 

a light source emitting light having a coherence length; 
holding means for locating a transparent wafer having a 

first surface such that a normal to said first surface of 
said transparent wafer is Substantially horizontal; 

background Screen means for diffusely reflecting said 
emitted light at an angle towards said transparent wafer 
located in said holding means; and 

means for locating a reference flat surface essentially 
parallel to a first surface of said transparent wafer 
located in said holding means and separated from said 
first Surface by a distance less than or comparable to 
one quarter of said coherence length of said light source 
Such that a first pattern of interference fringes repre 
senting a difference in flatness between said first sur 
face and said reference Surface is localized in a vicinity 
of said reference surface. 

17. The apparatus of claim 16 further comprising means 
for locating a separation at which said reference flat Surface 
said first Surface of said transparent wafer move essentially 
in concert but are separated by a finite gap. 
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18. The apparatus of claim 17 further comprising means 
observing said first pattern of fringes from an angle Such that 
one or more trapezoid markings on said diffusely reflecting 
background screen appear as a uniform grid background to 
said first pattern of interference fringes. 

19. The apparatus of claim 12 wherein said light source 
further comprises parabolic means for reflecting Surface and 
a Substantially transparent means for diffusing, and further 
comprising the means for observing a second pattern of 
interference fringes representing a difference in how parallel 

16 
said first Surface of said transparent wafer is to a second 
Surface of said transparent wafer, said second pattern of 
interference fringes being located Substantially at infinity. 

20. The apparatus of claim 19 further comprising a wafer 
holding cassette means and a plurality of precision, inter 
changable ring holder means for locating said transparent 
wafer. 


